Productivity in clonal eucalyptus plantations depends on the genetic material and on the demand and cycling of nutrients, making studies that evaluate these requirements necessary. The aim of this study was to evaluate the effect of management (with and without thinning) on the deposition, chemical composition and nutrient contribution in litter at different clonal or stallion eucalyptus plantations. The experiment was conducted under a subdivided plot design for comparison of "clone" and "thinning" treatments. Plots were composed of eight different clonal and eucalyptus seed plantations, with subplots being areas where thinning was performed and areas without thinning. Litter deposition pattern associated to seasons was observed, with higher values in the spring and summer. The leaf fraction was more representative in relation to nutrients. Deposition values were close in most plantations. Nutritional contents were higher in leaves of areas with thinning in relation to the other areas.
INTRODUCTION AND OBJECTIVES
The chemical elements essential to the life of plants are called nutrients and they circulate in ecosystems and biosphere in some specific ways between environment and organisms (Barlow et al., 2007) . Trees remove nutrients from the soil and use them in their metabolism, which later return to the soil through litter deposition in a dynamic process called biogeochemical cycling (Corrêa et al., 2006) . Litterfall deposition is considered the main flow in the biogeochemical cycling of nutrients that involves some steps such as: absorption, translocation and redistribution, immobilization and restitution of nutrients to the soil by plants that constitute the ecosystem (Bormann & Likens, 1970) .
In addition to being influenced by the plant succession stage and forest composition in an ecosystem, litterfall deposition is also influenced by other factors (Murovhi et al., 2012) . Elements related to climate, in particular precipitation and temperature are among these factors, which act as regulators to variations that occur in litterfall deposition throughout the year, and also in the decomposition rate of this material (Correa et al., 2013) . In this context, two common deposition patterns are observed in forest ecosystems in tropical regions. In the first one, there is an increase in deposition at periods of increased rainfall and humidity, for example in Atlantic restinga and forests; while in the second pattern, higher deposition is observed during dry seasons, for example in mesophilic forest regions and in some Amazon and Cerrado ecosystems (Brun et al., 2001; Calvi et al., 2009; Cattanio et al., 2004) .
Some nutrients are retranslocated through biochemical cycling (internal to plants) from older leaves or tissues to younger ones, where intense growth is usually higher.
Thinning is a practice that interferes with nutrient cycling in forest plantations (Guo & Sims, 1999) . Due to the decrease in plant population, improvement in nutrient cycling and replenishment is expected, in addition to favoring the maintenance of soil fertility through litterfall decomposition. It is expected that stands in areas where thinning was performed generally present higher nutrient contents in the litterfall compared to areas without thinning (Silva et al., 2012) .
Known effects of thinning are also related to tree growth, and several studies found in literature indicate that adequate thinning can lead plants to produce larger trunks (Poggiani & Schumacher, 1997; Kolm & Poggiani, 2003; Silva et al, 2012; Harrington & Devine, 2011) , thus increasing their primary productivity.
Through thinning evaluations, it is possible to define which clone best fits to this practice and whether its use can be recommended or not. Some studies can be found in literature on this topic, demonstrating the importance of defining the best genetic material to be used in each area (Pinto et al., 2011; Higashi et al., 2004; Lima et al., 2005) .
The objectives of this study conducted in eucalyptus plantations with different genetic materials in areas submitted or not to forest thinning were: evaluating the seasonal effect on litterfall deposition; evaluating phytomass deposition by different litterfall fractions; characterizing the chemical composition (nutrients) of the different litterfall fractions and comparatively estimating the amount of nutrients that returns to the soil by the litterfall deposition process regarding different treatments.
MATERIAL AND METHODS
The study was conducted at the Estação Experimental de Ciências Florestais de Itatinga (EECFI), which belongs to the Escola Superior de Agricultura "Luiz de Queiroz"(ESALQ) -University of São Paulo (USP), located in Mid-southern region of the state of São Paulo at coordinates 23°10' S and 48°40' W, municipality of Itatinga, a region belonging to the Paranapanema River basin.
EECFI has approximately 2119.6 ha of area. The relief of the area is predominantly slightly wavy with approximate altitude of 850 m a.s.l., with soils mainly classified as Red Latosols of sandy texture. The climate is defined as humid temperate with dry winter (Cwa) according to the Köppen classification. The average annual temperature is around 20°C, with minimum temperatures during the year around 5°C and maximum temperatures around 30°C (INMET, 2017) . The average annual precipitation is 1300 mm (Figure 1 ).
The original vegetation of the region is classified as Semi-deciduous Seasonal Forest, predominantly belonging to the Atlantic Forest biome (Metzger, 2009 ). The areas chosen to carry out the study were plots Three litterfall collectors ( Figure 3) were installed in each subplot, where leaves, reproductive organs (fruit, flowers and seeds) and vegetal residue (unidentified fine material) were collected, totaling 6 collectors per plot, and 54 collectors in the area. Collectors were systematically installed in clonal plantations between lines 5 and 6 of each subplot and between plants "5 and 6", "11 and 12", and "15 and 16" of each subplot to avoid contamination with materials from other clonal plantations.
To collect coarser litterfall fractions (from which branches and bark were collected), areas of 2.0 x 1.0 m above the soil of each subplot were demarcated. Collection areas were positioned between lines "5 and 6" and between trees "8 and 9" and "13 and 14" of each subplot, isolated with identification tape (Figure 4 ). Each collection area had all litterfall material removed prior to the beginning of collections, leaving the soil exposed.
Collections were carried out monthly between April 2014 and March 2016, totaling 24 collections. Litterfall was separated into fractions, dried in an oven at 60-70°C, then weighed to obtain the dry mass, being subsequently ground in a knife mill (Wiley type) for chemical determinations. Samples were submitted to nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) determinations. N content was determined by combustion in CNHOS analyzer, ELEMENTAR, model Vario EL III. The other macronutrients were determined according to the dry digestion process by burning the plant material in muffle oven at 500°C and subsequent solubilization of chemical elements in ashes in 3 HClmol L -1 (Martins & Reissmann, 2007) . P was determined by colorimetry with vanadium-molybdate ammonium and read in UV/Vis 1240 Mini Shimadzu spectrophotometer. K was determined by flame photometry. Ca and Mg were determined by atomic absorption spectrophotometry.
The experiment was conducted under a subdivided plot design in order to compare "clones" and "thinning" treatments. Plots were composed by eight different clonal plantings and stallion planting, with subplots corresponding to areas with thinning (T) and areas without thinning (WT).
Regarding the deposited litterfall phytomass, each collector was considered a replicate for comparison of treatments, as well as each collection date in the field; total replicates was obtained by multiplying the number of collectors (3) by the number of collections made throughout the study period (24).
Results were submitted to analysis of variance and Tukey test (5% significance), for comparison of means (Pimentel-Gomes, 2009 ). Statistical analyses were performed using ASSISTAT software, version 7.5, developed at the Center of Technology and Natural Resources (Centro de Tecnologia e Recursos Naturais) of the Federal University of Campina Grande/PB.
RESULTS AND DISCUSSION

Litterfall deposition
Regardless of genetic material and presence or absence of thinning, litterfall showed deposition pattern characterized by higher deposition values in spring and summer, and lower values in autumn and winter ( Figures 5 and 6 ). According to Viera et al. (2014) , factors such as humidity and temperature strongly influence material deposition, so that litter deposition intensifies in months of higher temperature. Laclau et al. (2010) observed that higher litterfall deposition in colder and drier months are typical characteristics of deciduous forests, while species such as eucalyptus have greater deposition period outside periods of lower water availability and lower temperatures.
Differences in litterfall deposition of eucalyptus plantations over time were also observed by Schumacher et al. (1994) in plantations at seven and ten years of age.
According to this author, this behavior is due to the greater translocation of organic compounds and nutrients from leaves in this period, and also to greater leaf renewal. Similar result was observed by Souza & Davide (2001) , Cunha et al. (2005) and Viera et al. (2014) in different regions of Brazil.
In a study evaluating progressive thinning in eucalyptus plantations in a climate region similar to that evaluated in this study, Kolm & Poggiani (2003) found an increase of more than 60% in the amount of material deposited from November to March, coinciding with the hottest and rainy periods of the year. According to the authors, this behavior is due to the greater translocation of organic compounds and nutrients from leaves in this period, which also corresponds to greater leaf renewal. This result is similar to that observed by Viera et al. (2014) in an experiment conducted in southern Brazil, who also observed that factors such as humidity and temperature 
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Differences in litterfall deposition in eucalyptus plantations over the months were also verified by Schumacher et al. (1994) in plantations at seven and ten years of age. Cunha et al. (2005) and Souza & Davide (2001) reported that variations in litterfall deposition occur due to the cyclical characteristics of stands, in addition to biological and climatic factors; the authors also verified litterfall deposition peaks in the warmer and wetter months of the year in their studies.
No significant difference was observed between the different clonal plantations compared to each other and also comparing with stallion plantations, regardless of whether or not thinning was carried out (Table 1) . The only exception occurred for clone I224, in which total litterfall deposition was significantly higher with thinning against without thinning.
No differences were observed comparing genetic materials to each other (mean values between areas with and without thinning), except for the residue fraction (Table 2) . These differences are difficult to explain due to the diverse nature of this fraction.
Leaf deposition was much higher compared to the other litterfall fractions; the order of importance regarding the amount of litterfall deposited for most genetic materials evaluated was: Leaves>Reproductive Organs>Residues>Branches>Bark. Most phytomass that returns to the soil as litterfall in forest ecosystems (in both natural environments and in planted forests) is usually represented by leaves (Kolm & Poggiani, 2003) . Over time and with the increase of the system's age, leaf deposition tends to decrease proportionally to an increase in the fall of other components such as branches and reproductive organs, for example, at times of greater plant maturity; however, even with increasing planting age, leaves generally remain the largest source of litterfall in the vast majority of forest ecosystems (Laclau et al., 2010) .
Concentration of nutrients in the deposited litterfall
The concentration of nutrients in the deposited litterfall for the different fractions throughout the year followed the following tendency: N>Ca>Mg>K>P levels (Table 2) . Table 3 are annual mean values (mean between two years) of the 24 months of study period obtained from the average between areas with and without thinning.
Data from
In relation to N, it was observed that some clones showed tendency of higher contents in relation to the others, with the highest values observed for H13, I277 and GG100 clones. No well-defined trends were found comparing the different fractions; in general, the decreasing sequence of the N content among the different fractions was: Leaves>Branches>Bark>Reproductive Organs>Plant residues.
According to Viera et al. (2014) , N is observed in larger amounts than Ca, especially when the latter is present in small amounts in the soil, which was also observed in this case. The highest Ca concentrations in relation to the other nutrients (with the general exception of N), can be explained by its functions in the plant, as it is one of the main cell wall formers, in addition to being an element of small mobility in plants. Thus, after its arrival in leaves, it becomes immobile and practically does not redistribute again; also playing a structural function in trees, which explains the greater amount of Ca in the deposited material (Dias et al., 2002) .
Regarding K, no clear differences among the different fractions were observed, which is possible because the element does not present a structural function and has high solubility. This can result in easy leaching of the different litterfall fractions. In relation to P, a trend of higher P values in the leaf litterfall was observed Capital letters mean statistical difference between areas with and without thinning according to the Tukey test at 5% probability (No letters mean that there were no differences between areas with and without thinning for each plantation).
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Regarding the nutrient contents in leaf litterfall in comparing subplots with thinning (T) and without thinning (WT), a single case of content difference was identified for Ca in the stallion plantation (E. grandis). No effect of thinning was observed for the other elements regarding leaf litterfall among the different clones (Table 4 ).
The removal of some trees from the stands through thinning should promote improvements in the growth conditions of the remaining treessuch as better use of light, water and nutrients (for example) due to less competition between plants,leading to a forest increment in the trees that were not eliminated,and to greater efficiency in absorption and utilization of the nutrients in the period after thinning (Gorgens et al., 2007) . Thus, it was expected that the nutrient concentrations in the area with and without thinning would present a greater differences between them, which was not observed.
Amount of nutrients in the deposited litterfall
The amount of nutrients in the litterfall deposited throughout the year in both areas with and without thinning generally followed the trend: N>Ca>Mg>K>P (Table 5) .
By evaluating the amounts of nutrients of different genetic materials, it is possible to observe some well-defined trends for certain nutrients. No differences Table 4 . Nutrient concentration in leaves of the deposited litter. T  WT  T  WT  T  WT  T  WT  T Capital letters mean statistical difference between areas with and without thinning for each plantation according to the Tukey test at 5% probability (No letters mean that there were no differences between areas with and without thinning for each plantation). --------------------------------------------------kg ha   -1   ------------------------------------------ were found for the genetic materials between areas with and without thinning.
Planting
N P K Ca Mg -------------------------------g kg -1 -------------------------
For N, no differences were observed when comparing areas with and without thinning for any of the genetic materials, and to date there was no influence of thinning on the amounts of this nutrient in the deposited material. There was no statistical differencein relation to P, as the genetic material presented values close to one another and also when comparing areas with and without thinning in each case.
When comparing the genetic material in relation to K, the area without thinning of the stallion plantation presented a lower value than the others, while the other evaluated areas presented values close to one another.
No differences were observed for Ca when comparing areas with and without thinning for any of the genetic materials. When comparing the genetic materials to one another, the materials UROCAM and C219 in the area with thinning, and clone 1277 in the area without thinningpresented smaller amounts than the other genetic materials. No differences between areas with and without thinning were observed for Mg.
The amounts of N for most genetic materials are similar to those of Eucalyptus plantations found in literature (Turner & Lambert, 1983) . The amounts of P are similar to those found in literature, including in studies on N and also according to Negi et al. (1988) and Gonçalves et al. (1997) . In most evaluated genetic materials, Ca, Mg and K values are below those reported in studies on N and P.
It could be observed that all plantations in the studies above were at advanced ages in relation to the evaluated areas, demonstrating that the return of nutrients via litterfall deposition at this stage of plant development was low for the majority of nutrients evaluated in relation to values usually observed in literature for Eucalyptus.
CONCLUSIONS
There is a pattern of litterfall deposition associated with the seasons of the year, presenting higher values in spring and summer. Different litterfall fractions contribute in a different way to the amount of phytomass that returns to the soil, in which the leaf fraction was the most representative. In general, fraction sequences with higher nutrient contents were: leaves > branches > bark > reproductive organs > residues.
Total litterfall deposition was similar for most clones in both subplots. Nutritional contents were higher in leaf litterfall in areas with thinning for most of the genetic material despite the few statistical differences, and the sequence of nutritional contents in litterfall fractions was N > Ca > Mg > K > P. 
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